Introduction {#sec1}
============

Dibenzothiophene dioxides behold a great significance owing to their prospective pharmaceutical importance as agonists of α~7~-nicotinic acetylcholine receptors in neurological disorders,^[@cit1a],[@cit1b]^ and wide application in functional materials as bipolar host materials, avidly studied for use in high-performing PhOLEDs ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@cit1c]−[@cit1e]^ Recently, Yorimitsu and Osuka have rationally extended the substrate scope of dibenzothiophene dioxides through "aromatic metamorphosis" to achieve a variety of spirocyclic molecules.^[@cit1f],[@cit1g]^

![Annelated sulfone-containing heterocycles.](ao-2018-00628w_0003){#fig1}

Among the emerging alternatives in the frontline of palladium-catalyzed cross-coupling reactions, cross-dehydrogenative coupling (CDC) is a very promising method, which avoids the use of functionalized substrates and is a more atom-economic and environmentally friendly method.^[@ref2]^ The mechanistic investigations have revealed that the catalytic transformations at arene, heteroarene, and alkene C(sp^2^)--H bonds, especially the reactivity of C(sp^2^)--H bonds adjacent to heteroatoms, could be tuned to allow intramolecular arylation under Pd catalysis.^[@cit2c]^ It is noteworthy that oxidative biaryl coupling reactions extensively constituting the central building blocks have radically emerged as a tool to synthesize heterocyclic scaffolds, viz., xanthones, carbazoles, dibenzofuran, cyclized benzanilides, isoquinoline polyheteroaromatic compounds, etc.^[@cit2g],[@ref3]^

Several classical methods have been reported for the synthesis of fused biaryl sulfones **1** ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). These methods include oxidation of dibenzothiophene and multistep procedures, as well as require halogenated and metalated compounds.^[@ref4]^ Undoubtedly, the seminal intramolecular oxidative coupling via effective directing strategy for single C--H bond activation from simple precursors requires minimum prefunctionalization for expedite access to fused biaryl sulfones. However, current chemistry has not been successful to reach this goal; mainly due to weak coordinating properties of sulfone group.^[@ref5]^ However, 2-pyridyl(sulfone) has found myriad of applications in directing group-assisted C--H functionalization processes principally due to heterocyclic coordination group.^[@ref6]^

![Approaches to Fused Biaryl Sulfones](ao-2018-00628w_0004){#sch1}

Only two reports surfaced utilizing sulfone as effective directing group: (a) Rh-catalyzed *ortho*-alkenylation of phenyl sulfones^[@cit7a]^ and (b) Ni-catalyzed Suzuki reaction of unactivated alkyl electrophiles;^[@cit7b]^ although the use of Pd catalyst is hitherto unknown, its application in the synthesis of fused biaryl sulfones remains unexplored (to the best of our knowledge). In consequence of our long-standing interest in the concise synthesis of fused heterocycles via intramolecular oxidative cyclization of two C(sp^2^) C--H bonds,^[@ref8]^ we conceived that an external ligand could assist sulfone in C--H bond activation.^[@ref9]^ Herein, we describe (1) the establishment of a Pd-catalyzed intramolecular oxidative arylation reaction at *ortho* positions adjacent to sulfone group in biaryl sulfones; (2) the challenging regioselective cyclization of otherwise low-reactive action partners; (3) the rare example of intramolecular oxidative cyclization of heterobiaryl sulfones to synthesize decorated sulfone-containing motifs; and (4) incorporation of fluorene backbone to design single fluorene molecule-based organic emitters.

Results and Discussion {#sec2}
======================

Our initial investigation started by choosing 1-methyl-4-(phenylsulfonyl)benzene (**4a**) as the model substrate, and we began our endeavor for intramolecular oxidative cyclization. The reaction of **4a** with Pd(OAc)~2~ in the presence of Cu(OAc)~2~ as oxidant in pivalic acid did not afford our desired product ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 1). The screening of various oxidants yielded **5a** either in low yields or no product formation (entries 2--5). Addition of PPh~3~ (20 mol %) along with Pd(OAc)~2~ (10 mol %) and AgOAc (3 equiv) in pivalic acid at 130 °C for 24 h furnished **5a** in 52% isolated yield (86% based on recovery of starting material) (entry 6). Further reducing the molar quantity of oxidant (entries 7 and 8) or changing the ligand (entries 9 and 10) failed to improve the yields. The use of Ag~2~CO~3~ (3 equiv) proved detrimental, giving **5a** in low yield (entry 11). Changing the catalyst to palladium pivalate (10 mol %) also gave **5a** in 23% yield (entry 12). However, use of a precatalyst produced inferior result (entry 13).

###### Optimization Study for Intramolecular Oxidative Cyclization of **4a**[a](#t1fn1){ref-type="table-fn"}

![](ao-2018-00628w_0010){#fx2}

  entry                               Pd cat          ligand          oxidant        solvent   °C    % **5a**[b](#t1fn2){ref-type="table-fn"}
  ----------------------------------- --------------- --------------- -------------- --------- ----- ------------------------------------------
  1                                   Pd(OAc)~2~                      Cu(OAc)~2~     PivOH     130   NR
  2                                   Pd(OAc)~2~                      K~2~S~2~O~8~   DCE       110   NR
  3                                   Pd(OAc)~2~                      PIDA           DCE       110   NR
  4                                   Pd(OAc)~2~                      BQ             DME       120   18
  5                                   Pd(OAc)~2~                      AgOAc          PivOH     130   12
  6                                   Pd(OAc)~2~      PPh~3~          AgOAc          PivOH     130   52/86[c](#t1fn3){ref-type="table-fn"}
  7[d](#t1fn4){ref-type="table-fn"}   Pd(OAc)~2~      PPh~3~          AgOAc          PivOH     130   40
  8[e](#t1fn5){ref-type="table-fn"}   Pd(OAc)~2~      PPh~3~          AgOAc          PivOH     130   33
  9                                   Pd(OAc)~2~      P(*o*-tol)~3~   AgOAc          PivOH     130   43
  10                                  Pd(OAc)~2~      S-Phos          AgOAc          PivOH     130   35
  11                                  Pd(OAc)~2~      PPh~3~          Ag~2~CO~3~     PivOH     130   37
  12                                  Pd(OPiv)~2~     PPh~3~          AgOAc          PivOH     130   23
  13                                  Pd(PPh~3~)~4~                   AgOAc          PivOH     130   42

Reaction conditions: **4a** (0.25 mmol), Pd catalyst (10 mol %), ligand (20 mol %), oxidant (3 equiv), solvent (1.5 mL), 24 h.

Isolated yields.

Based on recovery of starting material.

Oxidant (2 equiv).

Oxidant (1.5 equiv).

With the optimized reaction condition in hand, we began to explore the substrates that could participate in this protocol. The variously substituted biaryl sulfones were readily prepared either from the corresponding arenes using K~2~S~2~O~8~^[@cit10a]^ or via dehydration of *p*-toluene sulfonic acid and the arenes using Eaton's reagent^[@cit10b]^ ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}).

![Preparation of Substrates](ao-2018-00628w_0005){#sch2}

Next, we investigated intramolecular oxidative C--C bond formation through Pd-catalyzed cyclization of the resulting substrates. The optimized condition was successfully employed for the synthesis of a variety of annelated sulfone-containing cyclic compounds ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). The substitutions *para*- to sulfone group were well tolerated, giving the desired products in good yields (**5c**--**e**). The substrate bearing an electron-withdrawing group *meta*- to sulfone also underwent cyclization (**5f**) under the optimized condition, albeit in reduced yield, exhibiting a relatively low reactivity. To our delight, disubstituted arenes (**4g**--**j**) also furnished the desired products (**5g**--**j**) except in the case of 1,4-disubstituted biaryl sulfones (**4k**,**l**) possibly due to the accountable steric hindrance.

![Substrate Scope for Intramolecular Oxidative Cyclization of Biaryl Sulfones](ao-2018-00628w_0006){#sch3}

Interestingly, in the case of **4m** containing a naphthyl ring, cyclization was observed at both the *ortho*- positions, affording a (1:1) mixture of regioisomers (**5m**~a~:**5m**~b~). The central challenge of this study was to identify an optimized condition, which yielded a coherent synthesis of the fused biaryl sulfones. Next, we focused our efforts to attempt oxidative cyclization of heteroaryl sulfones under our developed protocol ([Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}).

![Substrate Scope for Intramolecular Oxidative Cyclization of Heterobiaryl Sulfones](ao-2018-00628w_0007){#sch4}

The optimized condition was then employed to variously substituted (phenylsulfonyl)pyridines; 2- and 4-(phenylsulfonyl)pyridine (**4n** and **4p**, respectively) did not furnish the desired products, and the starting materials were recovered unreacted. However 3-(phenylsulfonyl)pyridine (**4o**) afforded the product **5o** in good yield, offering exclusive C-2 oxidative arylation on pyridine. The difficulty in intramolecular oxidative C--H palladation in **4n** and **4p** could result in these unfavorable results. Noteworthy here was the fact that 3-\[(2,4-dimethylphenyl)sulfonyl\]thiophene (**4q**) furnished homocoupled product (**5q**~b~), mainly due to C--H activation at C-5 of thiophene. The attempts to block the C-5 position of thiophene by deliberate choice of 3-(phenylsulfonyl)benzo\[*b*\]thiophene (**4r**) resulted in the anticipated intramolecular oxidative cyclization furnishing excellent yield of desired product (**5r**). Pleasingly, 3-tosyl-1*H*-indole (**4s**), and 1-ethyl-3-tosyl-1*H*-indole (**4t**) successfully afforded the coupled products under our protocol in good to excellent yields. Surprisingly however, *N*-(5-(phenylsulfonyl)quinolin-8-yl)acetamide (**4u**) bearing phenyl sulfone on the aromatic counterpart of substituted quinoline failed to furnish the desired product (**5u**). On comparison of the reactivity of these heterocycles, both electron-deficient and electron-rich rings were well tolerated under our optimized condition. However, an electron-deficient 3-pyridyl substrate demonstrated a slightly low reactivity compared to electron-rich 3-thienyl or 3-indolyl substrate. On the other hand, 3-pyridyl substrate underwent slow intramolecular oxidative arylation, whereas 2- and 4-pyridyl substrates are unreactive under the condition. The key distinctive feature of the protocol here was the ability to afford fused heterobiaryl sulfones in excellent yields.

Next, our motive was to gain further insights into the translational applications of our newly developed protocol. The titled approach was successfully utilized for the synthesis of α~7~-nicotinic acetylcholine receptor agonist analogue^[@cit1a],[@cit1b]^ (**5v**) in moderate yield ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}, eq 1). Also, bromination of **5a** afforded dibrominated product (**5w**~a~), providing a synthetic handle for late-stage diversification, and thereby successfully underwent Suzuki reaction to afford diarylated product (**5w**~b~) ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}, eq 2). To explore further the photochromic properties of the synthesized molecule, we prepared fluorene-based organic molecule **5x** ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}, eq 3). The fluorene backbone was first tethered to the substrate (**4w**) containing a bromo handle under Suzuki conditions, resulting in the formation of precursor (**4x**), which when subjected to optimized conditions gave, unlike literature reports, a single fluorene-based organic emitter tethered to fused biaryl sulfones (**5x**) in moderate yield.

![Translational Applications of Fused Biaryl Sulfones](ao-2018-00628w_0008){#sch5}

The photophysical properties, such as emission spectrum of compound **5x** (see [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}), reveal that the compound could be a promising organic emitter for further exploration in organic light-emitting devices (OLEDs). The operational simplicity to prepare the molecules of biological, synthetic, and photochromic importance is the central feature of this study.

To further elucidate the reaction mechanism, we have carried out a control experiment, wherein the substrate 1-(benzylsulfonyl)-4-methylbenzene (**4y**) ([eq [4](#eq1){ref-type="disp-formula"}](#eq1){ref-type="disp-formula"}) when subjected to our optimized condition failed to furnish the desired cyclized product (**5y**) and the starting material was recovered, suggesting the unfavorable *ortho* C--H palladation in the benzyl ring because of poor coordination of the sulfonyl group.Thus, on the basis of our previous experiences^[@ref8]^ and literature precedence,^[@ref9]^ we propose a plausible mechanism for this intramolecular oxidative cyclization, as depicted in [Scheme [6](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}. The palladation of *ortho*- C--H bond in **4b** could result in the formation of transient intermediate **II**, which upon subsequent cyclopalladation could lead to the formation of intermediate **III**. The transmetallation by concerted metalation-deprotonation pathway could form **IV**, which upon reductive elimination could give **5b** with concomitant formation of palladium (0).

![Plausible Mechanism of Intramolecular Cyclization in Biaryl Sulfones](ao-2018-00628w_0009){#sch6}

In conclusion, we have developed a novel approach for the intramolecular oxidative arylations in biaryl sulfones, providing a direct access to variously substituted dibenzothiophene dioxides. Our protocol also proved beneficial for the synthesis of fused heterobiaryl sulfones with complete regioselectivity. A new opportunity in the design and synthesis of single fluorene-based organic emitters tethered with biaryl sulfones is demonstrated in the preparation of fused polycyclic tethered fluorenes.

Experimental Section {#sec3}
====================

General Methods {#sec3.1}
---------------

Unless noted otherwise, all reagents and solvents were purchased from commercial sources and used as received. All palladium-catalyzed reactions were performed in a screw-cap sealed tube. ^1^H and ^13^C NMR spectra were obtained in CDCl~3~ as solvent using a 400 MHz spectrometer with Me~4~Si as an internal standard. Coupling constants (*J* values) are reported in hertz (Hz). Column chromatography was performed using silica gel (100--200 mesh). High-resolution mass spectra (HRMS) were obtained using the electrospray ionization (ESI) technique and as time-of-flight mass analyzer. All melting points were taken using a melting-point apparatus equipped with a calibrated thermometer and are uncorrected. New compounds were characterized by melting point, IR, ^1^H NMR, ^13^C NMR, and HRMS data.

Typical Procedure for the synthesis of Biaryl sulfones (**4a**--**e**, **4g**--**m**, **4q**, **4v**~a~, **4w**)^[@ref10]^ {#sec3.2}
--------------------------------------------------------------------------------------------------------------------------

Following the literature protocol, biaryl sulfones were prepared using two reported procedures. In procedure A, a mixture of K~2~S~2~O~8~ (0.2 mmol), tetrabutylammonium hydrogen sulfate (0.1 equiv), dichloroethene (DCE, 0.3 mL), one of arenes (2.0 equiv), and TfOH (4.0 equiv) were added into a 10 mL sealed tube. After stirring at appropriate temperature for about 4 h, the other arene (3.0 equiv) and TFAA (11 equiv) were added. The reaction was continued for another 4 h. Then, the reaction was extracted with DCM and washed by water. The organic phase was purified by flash column chromatography to give the desired product.^[@cit10a]^

In procedure B, to a mixture of *p*-toluene sulfonic acid monohydrate (0.5 mmol) and hydrocarbon (0.5 mmol) was added 2 mL of freshly prepared Eaton's reagent (1:10 w/w solution of phosphorus pentoxide in methane sulfonic acid) and stirred. After the completion of the reaction, the reaction mixture was poured into ice/water (30 mL) and the precipate obtained was extracted using ethyl acetate (2 mL × 20 mL). The combined organic layer was dried (Na~2~SO~4~) and concentrated to get pure product.^[@cit10b]^

General Procedure for Nitration of **4a** (**4f**)^[@cit10a]^ {#sec3.3}
-------------------------------------------------------------

In an oven-dried screw-cap vial equipped with a magnetic stir bar, a mixture of substrate (0.25 mmol), NaNO~2~ (3 equiv), and concentrated sulfuric acid (4 mL/mmol) was refluxed. After 3 h, the mixture was poured into ice water and extracted with ethyl acetate (2 mL × 20 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography (silica, EtOAc/hexanes = 2:8) to give the desired product.

Typical Procedure for the Synthesis of Pyridyl sulfones (**4n**--**p**)^[@ref11]^ {#sec3.4}
---------------------------------------------------------------------------------

The procedure described in the literature was followed. A mixture of 2- or 4-bromopyridine (0.5 mmol), K~2~CO~3~ (2 equiv), and thiophenol (0.5 mmol) in dimethyl sulfoxide (DMSO, 1 mL) was stirred at 110 °C for 18 h in a screw-capped tube. The reaction mixture was then allowed to reach room temperature before it was extracted with CH~2~Cl~2~ (5 mL), the combined organic phase was washed with H~2~O three times, dried (Na~2~SO~4~), and concentrated under reduced pressure. The crude residue was used for the oxidation of the formed thioether. The substrate in CH~2~Cl~2~ at room temperature was treated with mCPBA (2.2 equiv). After the completion of reaction, it was then extracted with CH~2~Cl~2~ (2 mL × 10 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography to give the desired oxidized product.^[@cit11a]^

In an oven-dried screw-cap vial equipped with a magnetic stir bar, 3-bromopyridine (1 mmol), *i*-Pr~2~NEt (2 mmol), and 1,4-dioxane were added and degassed. Catalyst Pd~2~(dba)~3~ (0.025 mmol), Xantphos (0.05 mmol) and thiophenol were added and then the mixture was degassed again. The mixture was heated to reflux for 6--15 h. The reaction mixture was then allowed to reach ambient temperature. The reaction mixture was then extracted with EtOAc (3 mL × 5 mL), and the combined organic phase was dried (Na~2~SO~4~) and concentrated under reduced pressure. The crude residue was used for the oxidation of the formed thioether. The substrate in CH~2~Cl~2~ at room temperature was treated with mCPBA (2.2 equiv). After the completion of reaction, it was then extracted with CH~2~Cl~2~ (2 mL × 10 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography to give the desired oxidized product.^[@cit11b]^

Typical Procedure for the Synthesis of 3-Sulfonyl benzothiophene (**4r**)^[@ref12]^ {#sec3.5}
-----------------------------------------------------------------------------------

To a solution of 3-bromo benzothiophene (0.6 mmol) in dimethylformamide (3 mL) was added CuI (15 mol %), [l]{.smallcaps}-proline (30 mol %), and K~2~CO~3~ (3 equiv) and heated at 140 °C for 20 h. After the completion of reaction, it was then extracted with EtOAc (2 mL × 10 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography (silica, hexane) to give the desired product (**4r**~a~).^[@cit12a]^

A mixture of sulfide **4r**~a~ (0.6 mmol), oxone (1.58 mmol), and NaHCO~3~ (1.61 mmol) in acetone (15 mL) and H~2~O (15 mL) was stirred at room temperature for 20 h. After the organic solvent was removed, the mixture was poured into H~2~O (40 mL). The reaction mixture was then extracted with EtOAc (2 mL × 10 mL), and the desired product **4r** was obtained by flash chromatography (silica, EtOAc/hexane = 5:95) as a white solid.^[@cit12b]^

Typical Procedure for the Synthesis of 3-Sulfonyl Indole (**4s**)^[@ref13]^ {#sec3.6}
---------------------------------------------------------------------------

Following a literature procedure, a mixture of indole (1 mmol) and *p*-toluene sulfonyl chloride (1.1 mmol) in CH~3~CN was refluxed in the presence of 5 mol % CuI until completion of the reaction and then extracted with EtOAc (2 mL × 10 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography (silica, EtOAc/hexanes = 4.0:6.0) to give the desired oxidized product.

Typical Procedure for the Synthesis of *N*-Alkyated 3-Tosyl Indole (**4t**)^[@ref14]^ {#sec3.7}
-------------------------------------------------------------------------------------

Following a literature procedure, a dried round-bottom flask equipped with a magnetic stirrer bar was charged with indole **4r** (0.5 mmol) and THF (2 mL). The reaction mixture was cooled to 0 °C, and NaH (1.2 equiv) was added. After that, alkyl halide (1.2 equiv) was added, and stirring was continued for 4--6 h. After completion, the reaction was quenched with water (10 mL) and extracted with ethyl acetate (3 mL × 20 mL). The combined organic layer was dried over Na~2~SO~4~, and the solvent was removed under reduced pressure, followed by chromatography (silica, EtOAc/hexanes = 4.0:6.0) to give corresponding *N*-alkylated indole **4s** in good yields.

Typical Procedure for the Synthesis of *N*-(5-(Phenylsulfonyl)quinolin-8-yl)acetamide (**4u**)^[@ref15]^ {#sec3.8}
--------------------------------------------------------------------------------------------------------

A 10 mL Schlenk tube equipped with a stirrer bar was charged with carboxamide (0.4 mmol), benzene sulfonyl chloride (3 equiv), Na~2~CO~3~ (2 equiv), and CuCl (10 mol %). Then, the Schlenk tube was evacuated and refilled with nitrogen 3 times, followed by addition of toluene (4 mL). The Schlenk tube was sealed with a Teflon screw cap, and the reaction mixture was stirred at 110 °C for 24 h. Upon cooling to room temperature, the reaction mixture was diluted with 10 mL of ethyl acetate, filtered through a pad of silica gel, followed by washing the pad of the silica gel with ethyl acetate (20 mL). Subsequently, the filtrate was concentrated under reduced pressure. The residue was purified by flash chromatography on silica gel to afford the desired product (**4u**).

Typical Procedure for Direct Amination of **4v**~a~ (**4v**~b~)^[@ref16]^ {#sec3.9}
-------------------------------------------------------------------------

Following a literature procedure, in a screw-capped vial equipped with a rubber septum, a mixture of diphenylamine (0.5 mmol), **4v**~a~ (0.5 mmol), Pd(OAc)~2~ (0.05 mmol), S-BINAP (0.05 mmol), and Cs~2~CO~3~ (1.65 mmol) in toluene (2 mL) was purged with argon for approximately 10 min and then heated at 110 °C for 24 h under argon. The reaction mixture was cooled to room temperature and then diluted with an excess amount of ethyl acetate. The obtained suspension was filtered through a Celite bed, and the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (petroleum ether/ethyl acetate, 4:1--3:2) to give the desired product.

General Procedure for Suzuki Coupling of **4w** (**4x**)^[@cit8b]^ {#sec3.10}
------------------------------------------------------------------

2,2′-(9,9-Dioctyl-9*H*-fluorene-3,6-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (0.1 mmol), **4w** (2.2 equiv), Pd~2~(dba)~3~ (2 mol %), X-Phos (3 mol %), and K~3~PO~4~ (6 equiv) in 1,4-dioxane:water (4 mL, 3:1 mixture) were heated at 100 °C for 12 h. The reaction mixture was allowed to cool to room temperature, diluted with EtOAc (5 mL), and concentrated under vacuum. The residue product was purified by silica gel column chromatography (silica, EtOAc/hexanes = 2.5:7.5) to give **4x** in good yield.

General Procedure for Intramolecular Oxidative Cyclization of Biaryl Sulfones (**5a**--**v**, **5x**) {#sec3.11}
-----------------------------------------------------------------------------------------------------

In an oven-dried screw-cap vial equipped with a magnetic stir bar, a mixture of substrate (0.25 mmol), Pd(OAc)~2~ (10 mol %), AgOAc (1.25 mmol), PPh~3~ (20 mol %), and 1.5 mL of pivalic acid as solvent was heated at 130 °C for 24 h. The reaction mixture was allowed to cool to room temperature and neutralized by the addtion of saturated solution of Na~2~CO~3~ (20 mL) with constant stirring. It was then extracted with EtOAc (2 mL × 10 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography (silica, EtOAc/hexanes = 1:9) to give the desired cyclized product.

General Procedure for the Synthesis of 1-(Benzylsulfonyl)-4-methylbenzene (**4y**)^[@ref22]^ {#sec3.12}
--------------------------------------------------------------------------------------------

A stirred suspension of *p*-toluenesulfonylchloride (1.00 mmol), sodium sulfite (2.00 mmol), and NaHCO~3~ (2.00 mmol) in water (10 mL) was heated at reflux for 3 h. Benzyl bromide (1.50 mmol) followed by (*n*-Bu)~4~NBr (0.015 mmol) were added and the reaction mixture was stirred overnight at 0 °C. Addition of water (10 mL) to the reaction mixture, extraction with CH~2~Cl~2~ (10 mL × 2 mL), and then drying (Na~2~SO~4~), followed by concentration of the combined organic layer gave a residue, which upon purification (silica, EtOAc/hexane = 1:9) gave a white solid.

General Procedure for Dibromination of **5a** (**5w**~a~)^[@ref17]^ {#sec3.13}
-------------------------------------------------------------------

Following a reported procedure, into the mixture of **5a** (0.3 mmol), H~2~SO~4~ (3 mL), and AcOH (1 mL) was added *N*-bromosuccinimide (2.2 equiv) slowly at 0 °C in the absence of light. Then, the reaction was allowed to warm to room temperature and stirred overnight. After the reaction mixture was poured slowly into ice water, the mixture was filtered and the precipitate was purified by column chromatography on silica gel with EtOAc/hexane (0.5:9.5) as eluent to afford **5w**~a~ as a white solid.

Typical Procedure for Suzuki Coupling of **5w**~a~ (**5w**~b~)^[@ref18]^ {#sec3.14}
------------------------------------------------------------------------

To a mixture of **5w**~a~ (0.3 mmol), phenyl boronic acid (0.63 mmol), Pd(PPh~3~)~2~Cl~2~ (3 mol %), and K~2~CO~3~ (1.2 mmol) in a screw-cap sealed tube under nitrogen atmosphere was added 1,2-dimethoxyethane (DME)--H~2~O (1:1) (3 mL) and then heated at 80 °C for 36 h. The reaction mixture was allowed to cool to room temperature and was extracted with EtOAc (2 mL × 10 mL). The organic layer was dried (Na~2~SO~4~), concentrated under reduced pressure, and purified by column chromatography (silica, EtOAc/hexanes = 1:9) to give the desired product.

Compounds Characterization Data {#sec4}
===============================

1-Methyl-4-(phenylsulfonyl)benzene (**4a**)^[@cit10b]^ {#sec4.1}
------------------------------------------------------

White solid (110 mg, 95%); ^1^H NMR (CDCl~3~): δ 7.96--7.94 (m, 2H), 7.86 (d, *J* = 8.2 Hz, 2H), 7.58--7.49 (m, 3H), 7.2 (d, *J* = 8.0 Hz, 2H), 2.41 (s, 3H).

Sulfonyldibenzene (**4b**)^[@cit10a]^ {#sec4.2}
-------------------------------------

Colorless solid (88 mg, 81%); ^1^H NMR (CDCl~3~): δ 7.97--7.90 (m, 4H), 7.60--7.57 (m, 2H), 7.56--7.50 (m, 4H).

4,4′-Sulfonylbis(methylbenzene) (**4c**)^[@cit10a]^ {#sec4.3}
---------------------------------------------------

White solid (102 mg, 83%); ^1^H NMR (CDCl~3~): δ 7.87 (d, *J* = 8.2 Hz, 4H), 7.46 (d, *J* = 8.1 Hz, 4H), 2.53 (s, 6H).

1-Methoxy-4-tosylbenzene (**4d**)^[@cit10b]^ {#sec4.4}
--------------------------------------------

Colorless solid (93 mg, 71%); ^1^H NMR (CDCl~3~): δ 7.89--7.86 (m, 2H), 7.82 (d, *J* = 8.2 Hz, 2H), 7.30--7.28 (m, 2H), 6.98--6.95 (m, 2H), 3.85 (s, 3H), 2.40 (s, 3H).

4-Tosyl-1,1′-biphenyl (**4e**)^[@ref19]^ {#sec4.5}
----------------------------------------

Yellowish solid (112 mg, 73%); mp 124 °C; ^1^H NMR (CDCl~3~): δ 8.08--7.99 (m, 2H), 7.89 (d, *J* = 8.3 Hz, 2H), 7.71--7.69 (m, 2H), 7.59--7.57 (m, 2H), 7.50--7.40 (m, 3H), 7.34 (d, *J* = 8.1 Hz, 2H), 2.42 (s, 3H); ^13^C NMR (CDCl~3~): δ 146.0, 144.1, 140.5, 139.2, 138.8, 129.9, 129.0, 128.5, 128.0, 127.8, 127.7, 127.3, 21.5; HRMS (ESI) *m*/*z* calcd for C~19~H~17~O~2~S \[M + H\]^+^ 309.0949, found 309.0954.

1-Nitro-3-tosylbenzene (**4f**) {#sec4.6}
-------------------------------

Yellowish solid (98 mg, 71%); mp 128 °C; IR (KBr, cm^--1^): 2917, 1495, 1285, 1156, 751; ^1^H NMR (CDCl~3~): δ 8.52 (d, *J* = 1.8 Hz, 1H), 8.07 (dd, *J* = 8.0, 1.8 Hz, 1H), 7.99--7.97 (m, 2H), 7.65--7.61 (m, 1H), 7.58--7.52 (m, 3H), 2.66 (s, 3H); ^13^C NMR (CDCl~3~): δ 141.1, 140.4, 139.1, 134.1, 133.9, 131.2, 129.9, 129.6, 127.8, 127.7, 127.5, 124.1, 20.6; HRMS (ESI) *m*/*z* calcd for C~13~H~12~NO~4~S \[M + H\]^+^ 278.0487, found 278.0491.

1,2-Dimethyl-3-tosylbenzene (**4g**) {#sec4.7}
------------------------------------

Colorless semisolid (48 mg, 37%); IR (KBr, cm^--1^): 2924, 283, 1591, 1156, 675, 580; ^1^H NMR (CDCl~3~): δ 8.10 (d, *J* = 7.8 Hz, 1H), 7.76 (d, *J* = 8.2 Hz, 2H), 7.40 (d, *J* = 7.4 Hz, 1H), 7.31--7.27 (m, 3H), 2.42 (s, 3H), 2.36 (s, 3H), 2.27 (s, 3H); ^13^C NMR (CDCl~3~): δ 143.7, 139.4, 139.3, 138.7, 136.2, 135.0, 129.6, 127.6, 127.2, 125.7, 21.5, 20.4, 15.9; HRMS (ESI) *m*/*z* calcd for C~15~H~17~O~2~S \[M + H\]^+^ 261.0949, found 261.0952.

1,2-Dimethyl-4-tosylbenzene (**4h**)^[@cit10a]^ {#sec4.8}
-----------------------------------------------

Colorless semisolid (76 mg, 59%); ^1^H NMR (CDCl~3~): δ 7.84 (d, *J* = 8.2 Hz, 2H), 7.69--7.66 (m, 2H), 7.31 (d, *J* = 8.0 Hz, 2H), 7.26 (d, *J* = 7.8 Hz, 1H), 2.40 (s, 3H), 2.30 (s, 6H).

2,4-Dimethyl-1-tosylbenzene (**4i**)^[@cit10a]^ {#sec4.9}
-----------------------------------------------

Colorless semisolid (120 mg, 93%); ^1^H NMR (CDCl~3~): δ 8.10 (d, *J* = 8.0 Hz, 1H), 7.75 (d, *J* = 8.0 Hz, 2H), 7.30 (d, *J* = 7.2 Hz, 2H), 7.20 (d, *J* = 8.0 Hz, 1H); 7.04 (s, 1H), 2.41 (s, 6H), 2.37 (s, 3H).

1-((4-Methoxyphenyl)sulfonyl)-2,4-dimethylbenzene (**4j**)^[@cit10a]^ {#sec4.10}
---------------------------------------------------------------------

White solid (88 mg, 71%); ^1^H NMR (CDCl~3~): δ 8.08 (d, *J* = 8.0 Hz, 1H), 7.81 (d, *J* = 8.8 Hz, 2H), 7.19 (d, *J* = 8.0 Hz, 1H), 7.04 (s, 1H), 6.97 (d, *J* = 8.8 Hz, 2H), 3.88 (s, 3H), 2.42 (s, 3H), 2.6 (s, 3H).

1,4-Dimethyl-2-tosylbenzene (**4k**)^[@cit10a]^ {#sec4.11}
-----------------------------------------------

Colorless solid (113 mg, 87%); ^1^H NMR (CDCl~3~): δ 8.04 (s, 1H), 7.77 (d, *J* = 8.2 Hz, 2H), 7.31 (m, 3H), 7.12 (d, *J* = 7.6 Hz, 1H), 2.42 (s, 6H), 2.39 (s, 3H).

1,4-Dimethoxy-2-tosylbenzene (**4l**)^[@cit10a]^ {#sec4.12}
------------------------------------------------

Colorless solid (89 mg, 65%); ^1^H NMR (CDCl~3~): δ 7.88 (d, *J* = 8.2 Hz, 2H), 7.70 (d, *J* = 3.1 Hz, 1H), 7.30--7.28 (m, 2H), 7.09 (dd, *J* = 8.9, 3.1 Hz, 1H), 6.87 (d, *J* = 9.0 Hz, 1H), 3.86 (s, 3H), 3.72 (s, 3H), 2.42 (s, 3H).

2-Tosylnaphthalene (**4m**)^[@cit10b]^ {#sec4.13}
--------------------------------------

White solid (88 mg, 92%); ^1^H NMR (CDCl~3~): δ 8.68--8.65 (m, 1H), 8.53--8.50 (m, 1H), 8.11--8.08 (m, 1H), 7.92--7.86 (m, 3H), 7.65--7.52 (m, 3H), 7.29--7.26 (m, 2H), 2.37 (s, 3H).

2-(Phenylsulfonyl)pyridine (**4n**)^[@cit11a]^ {#sec4.14}
----------------------------------------------

Yellowish semisolid (81 mg, 74%); ^1^H NMR (CDCl~3~): δ 8.69 (d, *J* = 4.2 Hz, 1H), 8.23 (d, *J* = 7.8 Hz, 1H), 8.09 (d, *J* = 7.5 Hz, 2H), 7.96 (dd, *J* = 7.5, 1.5 Hz, 1H), 7.65 (d, *J* = 7.3 Hz, 1H), 7.55 (d, *J* = 7.8 Hz, 2H), 7.49 (dd, *J* = 7.4, 4.7 Hz, 1H).

3-(Phenylsulfonyl)pyridine (**4o**)^[@cit11b]^ {#sec4.15}
----------------------------------------------

White solid (77 mg, 71%); ^1^H NMR (CDCl~3~): δ 9.16 (s, 1H), 8.81 (d, *J* = 4.4 Hz, 1H), 8.25 (d, *J* = 8.0 Hz, 1H), 8.00 (d, *J* = 7.7 Hz, 2H), 7.65 (t, *J* = 7.4 Hz, 1H), 7.58 (d, *J* = 7.9 Hz, 2H), 7.49 (dd, *J* = 8.8, 4.8 Hz, 1H).

4-(Phenylsulfonyl)pyridine (**4p**)^[@cit11a]^ {#sec4.16}
----------------------------------------------

Yellowish semisolid (86 mg, 79%); ^1^H NMR (CDCl~3~): δ 8.85 (dd, *J* = 4.7, 1.2 Hz, 2H), 7.99--7.97 (m, 2H), 7.79--7.77 (m, 2H), 7.68--7.64 (m, 1H), 7.59 (t, *J* = 7.8 Hz, 2H).

3-((2,4-Dimethylphenyl)sulfonyl)thiophene (**4q**)^[@cit10a]^ {#sec4.17}
-------------------------------------------------------------

White solid (50 mg, 40%); ^1^H NMR (CDCl~3~): δ 8.08 (d, *J* = 8.1 Hz, 1H), 7.20 (d, *J* = 8.0 Hz, 1H), 7.03 (s, 1H), 2.38 (s, 3H), 2.37 (s, 3H).

3-(Phenylthio)benzo\[*b*\]thiophene (**4r**~a~)^[@cit12c]^ {#sec4.18}
----------------------------------------------------------

Yellowish oil (42 mg, 59%); ^1^H NMR (DMSO-*d*~6~): δ 8.24 (s, 1H), 8.11 (d, *J* = 7.2 Hz, 1H), 7.69--7.67 (m, 1H), 7.47--7.40 (m, 2H), 7.29--7.25 (m, 2H), 7.19--7.13 (m, 3H); ^13^C NMR (DMSO-*d*~6~): δ 144.7, 143.5, 141.0, 139.5, 134.5, 132.4, 131.3, 130.3, 130.2, 128.7, 127.5, 127.4.

3-(Phenylsulfonyl)benzo\[*b*\]thiophene (**4r**) {#sec4.19}
------------------------------------------------

Yellow solid (134 mg, 82%); ^1^H NMR (CDCl~3~): δ 8.48 (s, 1H), 8.23 (d, *J* = 8.0 Hz, 1H), 8.07 (m, 2H), 7.89 (d, *J* = 7.7 Hz, 1H), 7.60--7.42 (m, 5H); ^13^C NMR (CDCl~3~): δ 141.2, 140.6, 135.8, 135.2, 133.5, 133.3, 129.3, 127.4, 125.9, 125.7, 123.0, 122.9; HRMS (ESI) *m*/*z* calcd for C~14~H~11~O~2~S~2~ \[M + H\]^+^ 243.0302, found 243.0309.

3-Tosyl-1*H*-indole (**4s**)^[@ref13]^ {#sec4.20}
--------------------------------------

Brownish solid (105 mg, 78%); ^1^H NMR (CDCl~3~): δ 9.38 (s, 1H), 7.92--7.88 (m, 3H), 7.85 (d, *J* = 3.0 Hz, 1H), 7.43--7.40 (m, 1H), 7.27--7.22 (m, 4H), 2.37 (s, 3H).

1-Ethyl-3-tosyl-1*H*-indole (**4t**)^[@ref14]^ {#sec4.21}
----------------------------------------------

Brownish solid (124 mg, 83%); mp 178 °C; IR (KBr, cm^--1^): 2959, 2925, 1703, 1483, 1200, 749; ^1^H NMR (CDCl~3~): δ 7.95--7.92 (m, 3H), 7.84 (s, 1H), 7.38 (d, *J* = 7.6 Hz, 1H), 7.33--7.25 (m, 5H), 4.23 (q, *J* = 7.3 Hz, 2H), 2.37 (s, 3H), 1.55 (t, *J* = 7.3 Hz, 3H); ^13^C NMR (CDCl~3~): δ 143.2, 140.6, 136.4, 131.7, 129.6, 126.7, 124.4, 123.4, 122.3, 119.9, 115.4. 110.3, 41.8, 21.4, 15.0; HRMS (ESI) *m*/*z* calcd for C~17~H~18~NO~2~S \[M + H\]^+^ 300.1058, found 300.1059.

*N*-(5-(Phenylsulfonyl)quinolin-8-yl)acetamide (**4u**)^[@ref15]^ {#sec4.22}
-----------------------------------------------------------------

White solid (101 mg, 78%); ^1^H NMR (CDCl~3~): δ 9.24 (s, 1H), 8.78 (d, *J* = 2.5 Hz, 1H), 8.12 (d, *J* = 7.8 Hz, 1H), 7.83 (d, *J* = 7.7 Hz, 3H), 7.46--7.42 (m, 3H), 7.18 (d, *J* = 7.8 Hz, 2H), 3.10 (s, 3H).

4,4′-Sulfonylbis(iodobenzene) (**4v**~a~)^[@ref20]^ {#sec4.23}
---------------------------------------------------

White solid (157 mg, 67%); ^1^H NMR (CDCl~3~): δ 7.87--7.81 (m, 4H), 7.66--7.63 (m, 2H), 7.33 (d, *J* = 8.0 Hz, 2H).

4,4′-Sulfonylbis(*N*,*N*-diphenylaniline) (**4v**~b~) {#sec4.24}
-----------------------------------------------------

Yellowish semisolid (112 mg, 86%); IR (DCM, cm^--1^): 3063, 2925, 1581, 1304, 1148, 754; ^1^H NMR (CDCl~3~): δ 7.71 (d, *J* = 8.8 Hz, 4H), 7.35--7.32 (m, 8H), 7.18--7.14 (m, 12H), 7.01 (d, *J* = 8.8 Hz, 4H); ^13^C NMR (CDCl~3~): δ 151.8, 146.2, 132.9, 129.7, 128.7, 126.2, 126.1, 124.9, 119.6; HRMS (ESI) *m*/*z* calcd for C~36~H~29~N~2~O~2~S \[M + H\]^+^ 553.1950, found 553.1951.

1-Bromo-4-tosylbenzene (**4w**)^[@ref21]^ {#sec4.25}
-----------------------------------------

Colorless solid (134 mg, 87%); ^1^H NMR (CDCl~3~): δ 7.83 (m, 4H), 7.66 (m, 2H), 7.33 (d, *J* = 8.0 Hz, 2H), 2.42 (s, 3H).

9,9-Dioctyl-3,6-bis(4-tosylphenyl)-9*H*-fluorene (**4x**) {#sec4.26}
---------------------------------------------------------

White solid (73 mg, 86%); mp 181 °C; IR (KBr, cm^--1^): 2924, 2853, 1891, 1316, 1103, 675, 580; ^1^H NMR (CDCl~3~): δ 8.04 (d, *J* = 8.4 Hz, 4H), 7.90 (d, *J* = 8.2 Hz, 4H), 781--7.76 (m, 6H), 7.59 (dd, *J* = 1.2, 7.8 Hz, 2H), 7.54 (s, 2H), 7.34 (d, *J* = 8.1 Hz, 4H), 2.42 (s, 6H), 2.04--2.00 (m, 4H), 1.43--1.04 (m, 30H); ^13^C NMR (CDCl~3~): δ 152.0, 146.2, 144.1, 140.8, 140.8, 140.3, 138.8, 138.4, 129.9, 128.0, 127.8, 127.6, 126.4, 121.6, 120.5, 55.4, 40.2, 31.7, 29.8, 29.1, 23.7, 22.5, 21.5, 14.0; HRMS (ESI) *m*/*z* calcd for C~55~H~63~O~4~S~2~ \[M + H\]^+^ 851.4168, found 851.4174.

1-(Benzylsulfonyl)-4-methylbenzene (**4y**)^[@ref22]^ {#sec4.27}
-----------------------------------------------------

Colorless solid (184 mg, 75%); ^1^H NMR: δ 7.49--7.54 (m, 2H), 7.31--7.36 (m, 1H), 7.27--7.31 (m, 2H), 7.23--7.27 (m, 2H), 7.08--7.13 (m, 2H), 4.29--4.32 (m, 2H), 2.43 (s, 3H).

2-Methyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5a**) {#sec4.28}
--------------------------------------------------------

Colorless solid (30 mg, 52%); mp 235 °C; *R~f~* (15% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.84 (d, *J* = 7.5 Hz, 1H), 7.80 (d, *J* = 7.7 Hz, 1H), 7.74 (d, *J* = 7.8 Hz, 1H), 7.67 (dt, *J* = 1.0, 7.5 Hz, 1H), 7.61 (s, 1H), 7.56 (dt, *J* = 0.9, 7.5 Hz, 1H), 7.36 (d, *J* = 7.8 Hz, 1H), 2.51 (s, 3H); ^13^C NMR (CDCl~3~): δ 144.7, 135.5, 131.9, 130.8, 121.9, 121.9, 21.9; HRMS (ESI) *m*/*z* calcd for C~13~H~11~O~2~S \[M + H\]^+^ 231.0480, found 231.0485.

Dibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5b**)^[@ref23]^ {#sec4.29}
----------------------------------------------------------

Colorless solid (30 mg, 55%); *R~f~* (15% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.85--7.80 (m, 4H), 7.67 (t, *J* = 7.5 Hz, 2H), 7.56 (t, *J* = 7.5 Hz, 2H).

2,8-Dimethyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5c**) {#sec4.30}
------------------------------------------------------------

White solid (37 mg, 61%); mp 193 °C; *R~f~* (15% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.71 (d, *J* = 7.8 Hz, 2H), 7.58 (s, 2H), 7.33 (d, *J* = 7.7 Hz, 2H), 2.49 (s, 6H). ^13^C NMR (CDCl~3~): δ 144.6, 135.5, 131.9, 130.9, 121.9, 121.9, 21.9; HRMS (ESI) *m*/*z* calcd for C~14~H~13~O~2~S \[M + H\]^+^ 245.0636, found 245.0640.

2-Methoxy-8-methyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5d**) {#sec4.31}
------------------------------------------------------------------

White solid (46 mg, 72%); mp 205 °C; *R~f~* (15% EtOAc/hexane): 0.2; IR (KBr, cm^--1^): 2927, 2815, 1580, 1395, 1135, 775; ^1^H NMR (CDCl~3~): δ 7.75--7.69 (m, 2H), 7.56 (s, 1H), 7.35 (d, *J* = 7.8 Hz, 1H), 7.24 (d, *J* = 1.9 Hz, 1H), 7.01 (dd, *J* = 2.0, 8.5 Hz, 1H), 3.95 (s, 3H), 2.50 (s, 3H); ^13^C NMR (CDCl~3~): δ 157.0, 143.8, 138.5, 135.3, 129.7, 129.2, 129.1, 128.4, 120.4, 112.4, 55.8, 21.6; HRMS (ESI) *m*/*z* calcd for C~14~H~13~O~3~S \[M + H\]^+^ 261.0585, found 261.0588.

2-Methyl-8-phenyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5e**) {#sec4.32}
-----------------------------------------------------------------

Yellowish solid (52 mg, 68%); mp 231 °C; *R~f~* (15% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.75--7.69 (m, 2H), 7.56 (s, 1H), 7.35 (d, *J* = 7.8 Hz, 1H), 7.24 (d, *J* = 1.9 Hz, 1H), 7.01 (dd, *J* = 2.0, 8.5 Hz, 1H), 3.95 (s, 3H), 2.50 (s, 3H); ^13^C NMR (CDCl~3~): δ 148.9, 146.2, 141.1, 140.4, 139.1, 134.1, 133.9, 133.0, 131.2, 129.9, 129.6, 129.2, 127.8, 127.7, 127.5, 124.1, 20.6; HRMS (ESI) *m*/*z* calcd for C~19~H~15~O~2~S \[M + H\]^+^ 307.0793, found 307.0796.

2-Methyl-7-nitrodibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5f**) {#sec4.33}
----------------------------------------------------------------

Yellow solid (26 mg, 38%); mp 241 °C; *R~f~* (30% EtOAc/hexane): 0.3; 1H NMR (CDCl~3~): δ 8.47 (s, 1H), 7.99--7.89 (m, 2H), 7.80 (s, 1H), 7.77--7.73 (m, 1H), 7.69--7.66 (m, 1H), 2.79 (s, 3H); ^13^C NMR (CDCl~3~): δ 140.5, 139.1, 136.4, 135.2, 134.3, 133.8, 131.9, 129.6, 129.4, 125.7, 122.7, 122.5, 21.4; HRMS (ESI) *m*/*z* calcd for C~13~H~10~NO~4~S \[M + H\]^+^ 276.0331, found 276.0337.

2,6,7-Trimethyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5g**) {#sec4.34}
---------------------------------------------------------------

Colorless solid (23 mg, 36%); mp 179 °C; *R~f~* (15% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.70 (d, *J* = 7.8 Hz, 1H), 7.54 (s, 1H), 7.50 (d, *J* = 7.7 Hz, 1H), 7.38 (d, *J* = 7.7 Hz, 1H), 7.30 (s, 1H), 2.63 (s, 3H), 2.49 (s, 3H), 2.36 (s, 3H); ^13^C NMR (CDCl~3~): δ 144.5, 140.2, 135.1, 134.5, 131.9, 130.5, 129.8, 129.6, 127.6, 121.7, 121.6, 118.5, 22.7, 21.9, 19.3; HRMS (ESI) *m*/*z* calcd for C~15~H~15~O~2~S \[M + H\]^+^ 259.0793, found 259.0794.

2,3,8-Trimethyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5h**) {#sec4.35}
---------------------------------------------------------------

Colorless solid (41 mg, 65%); mp 159 °C; *R~f~* (15% EtOAc/hexane): 0.3; IR (KBr, cm^--1^): 2922, 1602, 1287, 1127, 818, 571; ^1^H NMR (CDCl~3~): δ 7.69 (d, *J* = 7.8 Hz, 1H), 7.58 (s, 1H), 7.55--7.54 (m, 2H), 7.30 (s, 1H), 2.49 (s, 3H), 2.40 (s, 3H), 2.37 (s, 3H); ^13^C NMR (CDCl~3~): δ 144.6, 143.2, 139.5, 135.7, 135.2, 132.1, 130.3, 129.5, 122.7, 122.3, 121.8, 121.7, 21.8, 20.5, 20.0; HRMS (ESI) *m*/*z* calcd for C~15~H~15~O~2~S \[M + H\]^+^ 259.0793, found 259.0797.

2,4,8-Trimethyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5i**) {#sec4.36}
---------------------------------------------------------------

Yellowish solid (43 mg, 68%); mp 164 °C; *R~f~* (15% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.70 (d, *J* = 7.8 Hz, 1H), 7.55 (s, 1H), 7.39 (s, 1H), 7.31 (d, *J* = 7.8 Hz, 1H), 7.06 (s, 1H), 2.67 (s, 3H), 2.48 (s, 3H), 2.43 (s, 3H); ^13^C NMR (CDCl~3~): δ 143.2, 139.5, 135.7, 135.2, 132.7, 130.6, 130.3, 122.7, 122.4, 122.4, 121.8, 121.7, 21.8, 20.5, 20.0; HRMS (ESI) *m*/*z* calcd for C~15~H~15~O~2~S \[M + H\]^+^ 259.0793, found 259.0799.

8-Methoxy-2,4-dimethyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5j**) {#sec4.37}
----------------------------------------------------------------------

Yellowish solid (41 mg, 61%); mp 185 °C; *R~f~* (15% EtOAc/hexane): 0.2; ^1^H NMR (CDCl~3~): δ 7.74 (d, *J* = 8.5 Hz, 1H), 7.36 (s, 1H), 7.20 (d, *J* = 2.1 Hz, 1H), 7.08 (s, 1H), 6.99 (dd, *J* = 2.1, 8.5 Hz, 1H), 3.94 (s, 3H), 2.67 (s, 3H), 2.44 (s, 3H); ^13^C NMR (CDCl~3~): δ 164.0, 144.1, 135.4, 134.1, 134.1, 133.0, 131.8, 130.4, 123.5, 119.3, 115.1, 106.7, 55.8, 21.6, 16.8; HRMS (ESI) *m*/*z* calcd for C~15~H~15~O~3~S \[M + H\]^+^ 275.0742, found 275.0748.

2-Methylbenzo\[*b*\]naphtho\[2,3-*d*\]thiophene 5,5-dioxide/8-Methylbenzo\[*b*\]naphtho\[2,1-*d*\]thiophene 11,11-dioxide (**5m**~a~:**5m**~b~) {#sec4.38}
-----------------------------------------------------------------------------------------------------------------------------------------------

Colorless solid (53 mg, 76%); mp 211 °C; *R~f~* (15% EtOAc/hexane): 0.4; IR (KBr, cm^--1^): 2917, 1924, 1593, 1310, 1132, 807, 774; ^1^H NMR (CDCl~3~): δ 8.46 (d, *J* = 8.5 Hz, 1H), 8.33 (s, 1H), 8.19 (s, 1H), 8.12 (d, *J* = 8.4 Hz, 1H), 7.98--7.93 (m, 3H), 7.85 (d, *J* = 8.4 Hz, 1H), 7.79--7.72 (m, 4H), 7.67 (s, 1H), 7.65--7.59 (m, 4H), 7.36 (d, *J* = 7.7 Hz, 2H), 2.53 (s, 6H); ^13^C NMR (CDCl~3~): δ 144.9, 144.7, 136.2, 135.9, 135.7, 135.5, 134.5, 134.3, 133.2, 132.4, 132.3, 131.9, 131.1, 130.7, 130.5, 130.0, 129.5, 129.3, 129.1, 128.8, 128.8, 128.7, 127.9, 127.7, 126.6, 126.4, 123.4, 123.1, 122.3, 122.2, 122.0, 121.9, 120.7, 117.8, 21.9; HRMS (ESI) *m*/*z* calcd for C~17~H~13~O~2~S \[M + H\]^+^ 281.0636, found 281.0643.

Benzo\[4,5\]thieno\[3,2-*b*\]pyridine 5,5-dioxide (**5o**) {#sec4.39}
----------------------------------------------------------

White solid (41 mg, 76%); mp 215 °C; *R~f~* (30% EtOAc/hexane): 0.3; IR (KBr, cm^--1^): 2924, 2854, 1574, 1310, 1156, 747, 565; ^1^H NMR (CDCl~3~): δ 8.85 (dd, *J* = 1.3, 4.9 Hz, 1H), 8.22 (d, *J* = 7.6 Hz, 1H), 8.15 (dd, *J* = 1.3, 7.8 Hz, 1H), 7.90 (d, *J* = 7.6 Hz, 1H), 7.79 (t, *J* = 7.5 Hz, 1H), 7.70 (t, *J* = 7.5 Hz, 1H), 7.48 (dd, *J* = 5.0, 7.8 Hz, 1H); ^13^C NMR (CDCl~3~): δ 164.0, 144.1, 135.4, 134.1, 134.1, 133.0, 131.8, 130.4, 123.5, 119.3, 115.1, 106.7, 55.8, 21.6, 16.8; HRMS (ESI) *m*/*z* calcd for C~11~H~8~NO~2~S \[M + H\]^+^ 218.0276, found 218.0277.

4,4′-Bis((2,4-dimethylphenyl)sulfonyl)-2,2′-bithiophene (**5q**~b~) {#sec4.40}
-------------------------------------------------------------------

Yellow solid (107 mg, 86%); mp 166 °C; *R~f~* (20% EtOAc/hexane): 0.3; IR (KBr, cm^--1^): 2924, 2853, 2346, 1736, 1319, 1134, 805, 578; ^1^H NMR (CDCl~3~): δ 8.05 (d, *J* = 8.1 Hz, 2H), 7.58 (d, *J* = 3.9 Hz, 2H), 7.21 (d, *J* = 8.1 Hz, 2H), 7.14 (d, *J* = 3.9 Hz, 2H), 7.10 (s, 2H), 2.58 (s, 6H), 2.39 (s, 6H); ^13^C NMR (CDCl~3~): δ 145.0, 143.5, 142.5, 138.0, 136.2, 133.6, 133.5, 129.4, 127.4, 125.1, 21.4, 20.3; HRMS (ESI) *m*/*z* calcd for C~24~H~23~O~4~S~4~ \[M + H\]^+^ 503.0479, found 503.0485.

Benzo\[*b*\]benzo\[4,5\]thieno\[2,3-*d*\]thiophene 5,5-dioxide (**5r**)^[@ref24]^ {#sec4.41}
---------------------------------------------------------------------------------

Yellow solid (120 mg, 89%); ^1^H NMR (CDCl~3~): δ 8.08 (d, *J* = 8.0 Hz, 1H), 7.92 (d, 8.1 Hz, 1H), 7.82 (d, *J* = 7.3 Hz, 1H), 7.64--7.61 (m, 1H), 7.58--7.53 (m, 3H), 7.50--7.46 (m, 1H); ^13^C NMR (CDCl~3~): δ 143.6, 142.7, 142.4, 133.6, 130.3, 130.3, 128.3, 126.8, 126.5, 123.8, 122.3, 122.2, 122.0.

8-Methyl-10*H*-benzo\[4,5\]thieno\[3,2-*b*\]indole 5,5-dioxide (**5s**) {#sec4.42}
-----------------------------------------------------------------------

Brownish solid (55 mg, 83%); mp 199 °C; *R~f~* (35% EtOAc/hexane): 0.3; IR (KBr, cm^--1^): 2959, 2925, 1703, 1483, 1200, 749; ^1^H NMR (DMSO-*d*~6~): δ 12.87 (bs, 1H), 7.75 (d, *J* = 7.8 Hz, 1H), 7.65--7.59 (d, *J* = 7.6 Hz, 3H), 7.39 (d, *J* = 7.8 Hz, 1H), 7.33--7.24 (s, 2H), 2.44 (s, 3H); ^13^C NMR (DMSO-*d*~6~): δ 149.1, 147.8, 145.5, 145.2, 135.5, 131.3, 129.2, 127.9, 126.9, 126.8, 125.1, 123.5, 118.9, 26.5; HRMS (ESI) *m*/*z* calcd for C~15~H~12~NO~2~S \[M + H\]^+^ 270.0589, found 270.0593.

10-Ethyl-8-methyl-10*H*-benzo\[4,5\]thieno\[3,2-*b*\]indole 5,5-dioxide (**5t**) {#sec4.43}
--------------------------------------------------------------------------------

Brownish solid (60 mg, 81%); mp 215 °C; *R~f~* (35% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.82--7.80 (m, 1H), 7.68 (d, *J* = 7.8 Hz, 1H), 7.38--7.29 (m, 4H), 7.26 (d, *J* = 7.7 Hz, 1H), 4.47 (q, *J* = 7.0 Hz, 2H), 2.47 (s, 3H), 1.56 (t, *J* = 7.2 Hz, 3H); ^13^C NMR (CDCl~3~): δ 143.8, 143.2, 140.4, 139.4, 129.8, 126.6, 124.1, 123.0, 122.2, 121.1, 120.2, 119.6, 114.5, 110.5, 40.0, 21.9, 15.4; HRMS (ESI) *m*/*z* calcd for C~17~H~16~NO~2~S \[M + H\]^+^ 298.0902, found 298.0909.

2,8-Bis(diphenylamino)dibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5v**) {#sec4.44}
----------------------------------------------------------------------

Semisolid (56 mg, 41%); *R~f~* (30% EtOAc/hexane): 0.3; IR (KBr, cm^--1^): 3063, 2925, 1736, 1581, 1306, 1148, 754; ^1^H NMR (CDCl~3~): δ 8.87 (d, *J* = 1.4 Hz, 2H), 8.23 (d, *J* = 7.6 Hz, 2H), 8.04 (dd, *J* = 1.8, 8.7 Hz, 2H), 7.64--7.60 (m, 6H), 7.54--7.46 (m, 8H), 7.43--7.35 (m, 8H); ^13^C NMR (CDCl~3~): δ 142.8, 141.8, 129.7, 129.6, 127.1, 126.1, 125.0, 123.3, 122.7, 121.1, 120.8, 120.7; HRMS (ESI) *m*/*z* calcd for C~36~H~27~N~2~O~2~S \[M + H\]^+^ 551.1793, found 551.1799.

3,7-Dibromo-2-methyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5w**~a~) {#sec4.45}
-----------------------------------------------------------------------

Yellow solid (72 mg, 63%); mp 263 °C; *R~f~* (12% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 7.97 (s, 1H), 7.94 (d, *J* = 1.5 Hz, 1H), 7.79 (dd, *J* = 8.2, 1.6 Hz, 1H), 7.65--7.63 (m, 2H), 2.55 (s, 3H); ^13^C NMR (CDCl~3~): δ144.9, 137.0, 131.9, 129.8, 126.8, 126.2, 125.5, 125.4, 124.4, 123.4, 122.7, 23.8; HRMS (ESI) *m*/*z* calcd for C~13~H~9~Br~2~O~2~S \[M + H\]^+^ 386.8690, found 386.8695.

2-Methyl-3,7-diphenyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide (**5w**~b~) {#sec4.46}
------------------------------------------------------------------------

White solid (98 mg, 86%); mp 282 °C; *R~f~* (12% EtOAc/hexane): 0.3; ^1^H NMR (CDCl~3~): δ 8.06 (s, 1H), 7.87 (s, 2H), 7.72 (d, *J* = 4.8 Hz, 2H), 7.66 (d, *J* = 7.3 Hz, 2H), 7.53--7.41 (m, 6H), 7.36--7.34 (m, 2H), 2.41 (s, 3H); ^13^C NMR (CDCl~3~): δ 139.5, 138.8, 137.8, 134.9, 134.2, 134.1, 130.8, 127.7, 125.5, 125.5, 124.4, 124.1, 123.8, 123.7, 123.1, 122.1, 118.5, 118.5, 117.0, 115.9, 16.5; HRMS (ESI) *m*/*z* calcd for C~25~H~19~O~2~S \[M + H\]^+^ 383.1106, found 383.1105.

8,8′-(9,9-Dioctyl-9*H*-fluorene-3,6-diyl)bis(2-methyldibenzo\[*b*,*d*\]thiophene 5,5-dioxide) (**5x**) {#sec4.47}
------------------------------------------------------------------------------------------------------

White solid (31 mg, 37%); mp 279 °C; *R~f~* (30% EtOAc/hexane): 0.3; IR (KBr, cm^--1^): 2924, 2853, 191, 1463, 1156, 818, 580; ^1^H NMR (CDCl~3~): δ 8.03 (s, 2H), 7.94--7.89 (m, 4H), 7.82--7.76 (m, 4H), 7.74 (s, 2H), 7.70 (d, *J* = 7.8 Hz, 2H), 7.63 (s, 2H), 7.40 (d, *J* = 7.8 Hz, 2H), 2.55 (s, 6H), 2.15--2.11 (m, 4H), 1.39--1.27 (m, 24H), 0.81--0.78 (m, 6H); ^13^C NMR (CDCl~3~): δ 152.1, 147.5, 144.8, 141.0, 138.7, 136.7, 135.6, 131.7, 131.2, 129.2, 122.5, 122.1, 121.7, 120.6, 120.0, 55.5, 40.3, 31.7, 29.9, 29.1, 22.7, 22.5, 21.9, 14.1; HRMS (ESI) *m*/*z* calcd for C~55~H~59~O~4~S~2~ \[M + H\]^+^ 847.3855, found 847.3862. The emission spectrum of **5x** is shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}.

![Emission spectrum of **5x**.](ao-2018-00628w_0001){#fig2}
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